Introduction-Various factors play a role in the development of erectile dysfunction (ED).
INTRODUCTION
Numerous factors such as age, weight, diabetes mellitus, cardiovascular disorders, smoking, arterial hypertension, and alcohol use can play a role in the development of erectile dysfunction (ED). [1] [2] [3] [4] [5] [6] Owing to the various physical and psychosocial aspects of ED, 7 treatment of ED extends beyond improving erectile function (EF) response and satisfaction. [8] [9] [10] [11] Phosphodiesterase type 5 (PDE5) inhibitors represent the first-line drug treatment for ED. 12, 13 The PDE5 inhibitor tadalafil, with on-demand (PRN) [14] [15] [16] [17] and once-daily (OAD) [18] [19] [20] [21] [22] dosing regimens, has demonstrated efficacy and safety in the treatment of ED. Psychosocial outcomes, spontaneity, and time concerns have shown significant improvement after treatment with long-acting compared with short-acting PDE5 inhibitors. 23, 24 Treatment with tadalafil OAD has improved EF in patients with mild and mild to moderate impairments in EF after PRN PDE5 inhibitor therapy. 21, 25 Other studies have shown that the OAD dosing regimen leads to high treatment satisfaction for the patient and his partner 19, [25] [26] [27] and allows patients to have spontaneous sexual activity, thereby changing the requirement for dosing and sexual activity to be linked. An OAD dosing regimen also improves the patient's ability to achieve and maintain erections and improves treatment satisfaction and psychosocial outcomes. 28 In addition, early initiation of the tadalafil OAD regimen protects against penile length loss after nerve-sparing radical prostatectomy. 29 Few clinical trials have compared the OAD and PRN regimens in the same study directly. Some researchers have reported the tadalafil OAD regimen is more efficacious in treating ED compared with the PRN dosing regimen, 30,31 whereas others have reported no significant differences between tadalafil OAD and PRN dosing regimens in improving erection and sexual satisfaction of patients with ED. 32 In 2014, Porst et al 33 reported on an integrated analysis of data from six placebo-controlled studies (OAD 2.5 or 5 mg) in patients with different ED characteristics and comorbidities and determined that treatment with the tadalafil OAD regimen resulted in clinically important improvements in patients with mild, moderate, or severe ED. In that study, there was an improvement in International Index of Erectile Function erectile function domain (IIEF-EF) scores in patients with arterial hypertension, cardiac disorder, or hyperlipidemia after treatment with tadalafil 2.5 or 5 mg; however, patients who were obese, smokers, and those with psychogenic ED reached a minimal clinically important difference (MCID; defined as mean improvement in IIEF-EF scores of at least four points 34 ) only after treatment with tadalafil 5 mg. Lewis et al 35 evaluated the efficacy of tadalafil in men with ED by demographic and ED characteristics and determined that the tadalafil PRN dosing regimen improved EF across a broad range of patients with ED, including patients with different comorbid conditions. To our knowledge, there are no published integrated analyses that have looked at the efficacy of tadalafil PRN and OAD dosing regimens in the same context. Clinicians often seek prescribing information and guidance on the two regimens to provide the patient with information to assist in making appropriate treatment decisions.
AIM
In this article, we provide a descriptive comparison of EF and orgasmic function (OF) response to tadalafil PRN and OAD dosing regimens using the integrated tadalafil clinical trial databases. The purpose of this report is to offer this descriptive comparison of pooled data from tadalafil ED studies in patients with common comorbid conditions, treatments, or risk factors that might be considered when treating ED.
METHODS

Studies
In total, 17 PRN 14-17,36 and 4 OAD [19] [20] [21] 37 placebo-controlled studies in men with ED were included in the integrated (March 2013) database that was used in these pooled analyses. Tadalafil studies in men with lower urinary tract symptoms associated with benign prostatic hyperplasia were excluded from these analyses owing to differences in the study population. Details about the general study design for these studies have been published. [14] [15] [16] [17] [19] [20] [21] 36, 37 For the 17 PRN studies that had identical study designs, data were analyzed from patients treated with placebo, tadalafil 10 mg (low dose), and tadalafil 20 mg (high dose). For the OAD studies, data were analyzed from patients treated with placebo, tadalafil 2.5 mg (low dose), and tadalafil 5 mg (high dose). The 5-mg PRN dose was not included in the analyses for this report because it is not a globally approved dose by regulatory authorities for the treatment of ED; therefore, for this report, the 10-mg PRN dose is considered low-dose PRN. Two studies were OAD registration studies that included men with ED, 19, 20 and one study determined the impact of OAD treatment for men with ED on the sexual quality of life of their female partners. 21 One study evaluated OAD treatment in PDE5 inhibitor-naive men with ED. 37
Patient Population
Patients were men (≥18 years old) with at least a 3-month history of ED who remained sexually active with the same heterosexual partner. Some exclusion criteria included a history of certain cardiovascular diseases (eg, unstable angina, recent myocardial infarction, recent myocardial revascularization, and poorly controlled blood pressure), a history of radical prostatectomy with subsequent failure to achieve erections, and patients who had penile implants or deformities, clinically significant renal or hepatic insufficiency, and current treatment with nitrates, cancer chemotherapy, or antiandrogens. The details about the inclusion and exclusion criteria for some of these studies have been published. [14] [15] [16] [17] [19] [20] [21] 36, 37 
Clinical Populations
Using the IIEF-EF and IIEF-OF outcomes, we completed analyses according to the following subgroups (referred to as clinical populations): age (<50, 50-64, or ≥65 years), baseline BMI (<30 vs ≥30 kg/m 2 ), diabetes mellitus at baseline (yes vs no), baseline cardiovascular disorder (yes vs no), baseline hypertension (yes vs no), baseline hyperlipidemia (yes vs no), smoking or current use of tobacco (yes vs no), current use of alcohol (yes vs no), previous PDE5 inhibitor use (yes vs no), number of antihypertensive medications (none, one, or more than one), and ED duration (<1 vs ≥1 year). Some cardiovascular disorders included cardiomyopathy, myocardial infarction, angina, arrhythmia, tachycardia, atrioventricular block, cardiac failure, congenital cardiac conditions, pulmonary hypertension, pulmonary infarction, abnormal blood pressure, ventricular failure, aortic aneurysm, or arteriosclerosis.
Statistical Analyses
Demographics and baseline characteristics were summarized for the tadalafil PRN and OAD low-dose (10 mg for PRN, 2.5 mg for OAD) and high-dose (20 mg for PRN, 5 mg for OAD) groups. Variables examined for baseline characteristics included age (<50, 50-64, or ≥65 years), race, BMI (<30 vs ≥30 kg/ m 2 ), mean systolic and diastolic blood pressure, ED duration (<1 vs ≥1 year), mean IIEF-EF score, IIEF severity (severe = 1-10, moderate = 11-16, mild ≥ 17), presence or absence of diabetes mellitus, hypertension, hyperlipidemia, or cardiovascular disorders, alcohol use, smoking, previous use of PDE5 inhibitors, use of any antihypertensive medications, and number of antihypertensive medications (none, one, or more than one). Percentages were based on the total number of patients with non-missing data for the specified variables. A descriptive comparison of the efficacy of tadalafil PRN vs OAD regimens was examined in the clinical populations for the IIEF-EF and IIEF-OF domains. The efficacy variables were evaluated at the 12-week study end point, with missing values imputed using the last observation carried forward. Analysis of covariance was used to analyze the IIEF-EF and IIEF-OF domains, including baseline, study (regimen), subgroup, treatment (regimen), and subgroup-by-treatment (regimen) interaction in the model, with the notation of A(B) indicating A nested in B. Placebo-adjusted differences were calculated for tadalafil PRN and OAD doses using their respective placebo groups based on least-squares means from the analysis of covariance model. The clinical relevance of IIEF-EF changes was interpreted using the MCID of at least a four-point change from baseline to end point 34 and at least 23% change from baseline to end point for Sexual Encounter Profile, question 3 (SEP3) 38 ; these threshold values do not exist for IIEF-OF or the other ED indicators. The odds ratio in achieving the MCID was calculated for the tadalafil PRN and OAD dosing regimens vs their respective placebo groups using a logistic regression model, with the same terms as in the analysis of covariance model described earlier. All analyses were exploratory in nature and without multiplicity adjustment. All analyses were performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
MAIN OUTCOME MEASURES
The effects of tadalafil on EF were measured with the IIEF, 39 which is a 15-item questionnaire that assesses domains of male sexual function that include EF, OF, sexual desire, intercourse satisfaction (IS), and overall satisfaction (OS). The IIEF was administered at baseline and at 4-week intervals during the treatment period (after baseline). In this study, patient scores were examined on the EF and OF domains of the IIEF. 
RESULTS
Demographics and Baseline Characteristics
Demographics and baseline illness characteristics for the patient population of 4,354 men (PRN, n = 3,345; OAD, n = 1,009) are presented in Table 1 . The baseline characteristics were generally comparable between the PRN and OAD groups for some variables such as age (mean = 54.7 vs 55.6 years), blood pressure (mean systolic = 130.5 vs 130.8 mmHg; mean diastolic = 81.1 vs 79.7 mmHg), ED duration (<1 year = 12.5% vs 11.2%; ≥1 year = 87.5% vs 88.8%), IIEF-EF score (mean = 14.5 vs 14.6), and IIEF severity (mild [≥17] = 39.0% vs 40.6%; moderate [11] [12] [13] [14] [15] [16] = 28.3% vs 28.0%; severe [1-10] = 32.7% vs 31.5%). There was a difference between the PRN and OAD groups for the variables of race including Caucasian patients (50.4% vs 84.3%) and Asian patients (39.5% vs 0.4%). Other variables that differed between the PRN and OAD groups included BMI of at least 30 kg/m 2 , alcohol use, and diabetes mellitus, with the OAD group having a larger percentage of patients who were obese (27.3% vs 19.1%), more patients who regularly used alcohol (67.5% vs 54.6%), and a larger percentage of patients who did not have diabetes mellitus (84.0% vs 78.4%).
placebo-adjusted IIEF-EF LS mean improvements ( Figure 1 ) for all variables examined. Tadalafil 2.5 mg (low dose) did not demonstrate significantly improved EF in several clinical populations ( Figure 1 ). In some clinical subgroups, there was insufficient powering owing to small numbers. The results were consistent across all doses and regimens, with few exceptions. There was a difference in response in the low-dose OAD regimen across different age groups, with a weaker effect seen for the low-dose OAD regimen for patients younger than 50 and at least 65 years old. There was a weaker effect seen in the low-dose OAD regimen for patients with BMI of at least 30 kg/m 2 , patients without a cardiovascular disorder, patients who smoked, patients with ED duration shorter than 1 year, and patients without previous PDE5 inhibitor use. Tadalafil was efficacious across all doses and regimens for patients with or without diabetes mellitus, hypertension, hyperlipidemia, and alcohol use at baseline. There was a numerical difference in response for low-dose OAD and PRN regimens compared with high-dose regimens in patients taking more than one antihypertensive agent.
The proportion of patients achieving MCID at end point in the IIEF-EF domain and the odds ratios of tadalafil low-dose (OAD 2.5 mg or PRN 10 mg) and high-dose (OAD 5 mg or PRN 20 mg) groups vs the respective placebo groups are presented in Table 2 . The odds ratios were significant for all clinical populations examined, and the results were fairly consistent across all doses and regimens, with the exception of the low-dose OAD regimen in the clinical populations at least 65 years old, with baseline BMI at least 30 kg/m 2 , and who smoked. Figure 2 ) for most clinical subpopulations examined (there is no clinically meaningful cutoff value that has been defined for IIEF-OF or the other ED indicators). The exceptions were with the low-dose OAD regimen in men younger than 50 years, obese men, those who smoked, those who did not have previous PDE5 inhibitor use, those treated with one antihypertensive medication, those with ED duration shorter than 1 year, and those with diabetes mellitus who did not show placebo-adjusted LS mean significant improvements with the low-dose and high-dose OAD regimens. All these groups had insufficient powering, with the exception of the high-dose OAD regimen in patients with diabetes mellitus. There was a difference in response in the low-dose OAD regimen across different age groups, with a greater effect seen for the low-dose OAD regimen in the 50-to 64-year-old group and for patients who had a cardiovascular disorder at baseline. There also was a difference in response in the high-dose OAD regimen across different groups, with a weaker effect seen for patients who had diabetes mellitus at baseline. Tadalafil was efficacious across all doses and regimens for patients with BMI less than 30 or at least 30 kg/m 2 and with or without hypertension, hyperlipidemia, smoking, and alcohol use at baseline. Figure 1) and IIEF-OS (Supplemental Figure 2) , showed a similar pattern to the IIEF-EF results. Tadalafil 2.5 mg (low dose) did not demonstrate significantly improved IS as measured by the placebo-adjusted IIEF-IS score in several clinical populations, including patients younger than 50 and at least 65 years old, patients with BMI of at least 30 kg/m 2 , smokers, patients with no alcohol use, those without previous use of PDE5 inhibitors, patients with diabetes, patients without a cardiovascular disorder, patients treated with one or more than one antihypertensive medication, patients with ED duration shorter than 1 year, and patients with hyperlipidemia. Tadalafil 2.5 mg (low dose) did not demonstrate significantly improved OS as measured by the placebo-adjusted IIEF-OS score in several clinical populations, including patients at least 65 years old, patients with BMI at least 30 kg/m 2 , smokers, patients with no alcohol use, patients without previous PDE5 inhibitor use, patients treated with one antihypertensive medication, patients with ED duration shorter than 1 year, and patients with diabetes, hypertension, or hyperlipidemia.
IIEF-OF Domain-Treatment with tadalafil low-dose and high-dose OAD and PRN regimens demonstrated significantly improved OF as measured by the placebo-adjusted IIEF-OF LS mean improvements (
IIEF Satisfaction Domains-The satisfaction results, IIEF-IS (Supplementary
Sexual Encounter Profile, Question 3-Treatment with tadalafil low-dose and highdose OAD or PRN regimens demonstrated significantly improved SEP3 as measured by the placebo-adjusted SEP3 LS mean improvements (Figure 3 ) for all variables examined with the exception of low-dose OAD in patients who were at least 65 years old, obese patients, patients who smoked, those who were not treated previously with a PDE5 inhibitor, and patients who had ED duration shorter than 1 year (all these groups had insufficient powering).
The proportion of patients achieving MCID at end point in SEP3 and the odds ratios of tadalafil low-dose (OAD 2.5 mg or PRN 10 mg) and high-dose (OAD 5 mg or PRN 20 mg) groups vs the respective placebo groups are presented in Supplementary Table 1 . The odds ratios were significant for all clinical populations examined, including age, smoking, alcohol use, and baseline BMI, diabetes, cardiovascular disorder, hypertension, and hyperlipidemia, and the results were fairly consistent across all doses and regimens, with the exception of the low-dose OAD regimen in the clinical populations younger than 50 and at least 65 years old, with baseline BMI of at least 30 kg/m 2 , with diabetes mellitus, with no cardiovascular disorder, and those who smoked.
DISCUSSION
The results of these analyses of men with ED demonstrate that diabetes mellitus, arterial hypertension, hyperlipidemia, and alcohol use at baseline do not appear to have a major impact on the effect of tadalafil treatment on EF with either dose or regimen as measured by the mean change from baseline to end point in the IIEF-EF score in these clinical populations. For the group with baseline diabetes mellitus, there were small patient numbers for the low-dose OAD group; however, because patients with diabetes are usually more difficult to treat, the results suggest efficacy of low-dose OAD in this clinical subgroup. This confirmed the findings from previous studies that demonstrated that OAD and PRN dosing are efficacious across a broad spectrum of clinical subgroups. 33, 35 The results were not comparable for the categories of baseline age: there was a weaker (worse) effect seen with the low-dose OAD regimen for patients younger than 50 and at leastvarious confounding factors, there might be a signal in patients at least 65 and younger than 50 years old indicating that the tadalafil low-dose OAD regimen might not be optimum for this subpopulation. However, because the patient numbers are small (smaller than the sample size requirement of 64 patients per group to achieve 80% power), it is important to interpret these results with caution. The results from the low-dose OAD regimen in patients who were not treated previously with a PDE5 inhibitor, patients with ED duration shorter than 1 year, and patients who are smokers also have small numbers, making their interpretation less robust. A smaller effect was seen in the low-dose OAD group for patients with BMI of at least 30 kg/m 2 ; however, given the relatively few patients in this category, strong statements cannot be made. This could be of interest for further investigation. The data showed a weaker effect for the low dose for the PRN and OAD regimens in patients with BMI of at least 30 kg/m 2 . The response in the low-dose group with BMI of at least 30 kg/m 2 is predictable compared with the group with BMI less than 30 kg/m 2 or compared with patients taking the higher dose, because a high BMI correlates with the presence of diabetes mellitus, arterial hypertension, hyperlipidemia, and other confounding factors linked to obesity, making this one of the more difficult-to-treat subpopulations. Studies have shown that in obese patients, EF improves after weight loss induced by bariatric surgery or lifestyle intervention. 40, 41 There was a weaker effect seen in the low-dose OAD regimen for patients who did not have a cardiovascular disorder and for patients who smoked. Normal erection depends on penile vascular endothelial function, and smoking can have an adverse effect on vascular endothelium and lead to an increased risk for ED. [42] [43] [44] Therefore, the weaker effect seen in smokers in this study is not surprising; however, the numbers were small in this subpopulation of patients (<64 patients), so this result should be interpreted with caution.
The results suggest low-dose OAD and PRN regimens can have a smaller effect than highdose regimens in patients taking more than one antihypertensive agent, although this is not conclusive owing to the small patient numbers. Further investigation could be of interest in this clinical subgroup.
The SEP3 results followed a similar pattern to those of the IIEF-EF, in which treatment with tadalafil low-dose and high-dose OAD or PRN regimens demonstrated significant improvement in SEP3 for all variables examined except for low-dose OAD in some clinical populations.
Orgasmic function has not routinely been reported in PDE5 inhibitor studies. In this study, for patients with diabetes mellitus, there was a smaller effect on OF with the high-dose OAD regimen compared with the PRN regimen, suggesting that patients with diabetes mellitus might respond to PRN treatment more than to OAD treatment. This observation should be interpreted with caution, because the low-dose OAD arm was not sufficiently powered. There also was a noticeable difference in the placebo response arms between the different treatment regimens in the diabetes mellitus population.
The baseline characteristics were comparable between the PRN and OAD groups for the variables of age, blood pressure, ED duration, IIEF score, and IIEF severity. There was a difference in the percentage of patients by race between the PRN and OAD groups, with a larger percentage of white patients in the OAD group and a larger percentage of Asian patients in the PRN group. This difference in race reflects the differences in geographic locations where the trials were carried out. Most PRN studies were conducted in Asian countries such as Taiwan, Korea, India, mainland China, Philippines, Singapore, Hong Kong, Indonesia, and Malaysia, which resulted in the discrepancy of 39.5% vs 0.4% of patients being Asian in the PRN vs OAD groups. In addition, some OAD studies were conducted primarily in Europe and the United States, resulting in most men being white in the OAD studies. Studies have shown that ethnicity can be a contributing factor in how men experience patterns of recovery of sexual function after radical prostatectomy 45 and in how they perceive improvements in erection. 35 The differences in race and ethnicity between the OAD and PRN groups in these analyses need to be considered when results are interpreted. Other baseline characteristics that differed between the individual groups included BMI, with more patients classified as obese in the OAD group than in the PRN group, and alcohol use, with heavier use in the OAD group than in the PRN group. In addition, there was a larger percentage of patients who did not have diabetes mellitus in the OAD group than in the PRN group.
This study examined EF response in patients with ED and provided the first descriptive comparison of tadalafil OAD and PRN low-dose and high-dose regimens in multiple clinical populations. However, the study is limited by several variables. Because of the inclusion and exclusion criteria inherent to enrolling patients in clinical trials, patients in these analyses might not completely represent the general population. It is difficult to draw conclusions and make robust inferences for some subgroups with small patient numbers, particularly for those in the low-dose OAD group (a simple power calculation showed 64 patients per group were required to achieve 80% power assuming a 0.5 effect size). In addition, the difference in race in the clinical studies across the tadalafil regimens discussed can introduce bias. A direct comparison between the two regimens is not possible because the PRN and OAD regimens were not studied head-to-head in the same study. Moreover, indirect comparisons were not possible because the placebo treatments were not shared in all studies owing to differences in formulation and regimen. With many potential measured or unmeasured confounders, it is not practically feasible to use a model-based approach, adjusting for those confounding factors, to compare doses across regimens. With all these considerations, we resorted to a descriptive comparison between regimens.
In conclusion, tadalafil OAD and PRN regimens, at low and high doses, showed efficacy in patients with ED across the clinical subpopulations examined. We did not find clear evidence of clinical populations of patients with ED in which PRN performed meaningfully better than an OAD dosing regimen.
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